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Summary 

Water and energy are resources that are reciprocally and mutually linked, because meeting energy 
needs requires water, often in large quantities, for mining, fuel production, hydropower, and 
power plant cooling, and energy is needed for pumping, treatment, and distribution of water and 
for collection, treatment, and discharge of wastewater. This interrelationship is often referred to as 
the energy-water nexus, or the water-energy nexus. There is growing recognition that “saving 
water saves energy.” Energy efficiency initiatives offer opportunities for delivering significant 
water savings, and likewise, water efficiency initiatives offer opportunities for delivering 
significant energy savings. In addition, saving water also reduces carbon emissions by saving 
energy otherwise generated to move and treat water. 

This report provides background on energy for facilities that treat and deliver water to end users 
and also dispose of and discharge wastewater. Energy use for water is a function of many 
variables, including water source (surface water pumping typically requires less energy than 
groundwater pumping), treatment (high ambient quality raw water requires less treatment than 
brackish or seawater), intended end-use, distribution (water pumped long distances requires more 
energy), amount of water loss in the system through leakage and evaporation, and level of 
wastewater treatment (stringency of water quality regulations to meet discharge standards). 
Likewise, the intensity of energy use of water, which is the relative amount of energy needed for a 
task such as pumping water, varies depending on characteristics such as topography (affecting 
groundwater recharge), climate, seasonal temperature, and rainfall. Most of the energy used for 
water-related purposes is in the form of electricity. Estimates of water-related energy use range 
from 4% to perhaps 13% of the nation’s electricity generation, but regional differences can be 
significant. In California, for example, as much as 19% of the state’s electricity consumption is 
for pumping, treating, collecting and discharging water and wastewater. 

Energy consumption by public drinking water and wastewater utilities, which are primarily 
owned and operated by local governments, can represent 30-40% of a municipality’s energy bill. 
At drinking water plants, the largest energy use (about 80%) is to operate motors for pumping. At 
wastewater treatment plants, aeration, pumping, and solids processing account for most of the 
electricity that is used. Energy is the second highest budget item for these utilities, after labor 
costs, so energy conservation and efficiency are issues of increasing importance to many of them. 
Opportunities for efficiency exist in several categories, such as upgrading to more efficient 
equipment, improving energy management, and generating energy on-site to offset purchased 
electricity. However, barriers to improved energy efficiency by water and wastewater utilities 
exist, including capital costs and reluctance by utility officials to change practices or implement 
new technologies. 

Topics for research to better understand water-related energy use include studies of energy 
demands for water at local, regional, and national scales; development of consistent data 
collection methodology to track water and energy data across all sectors; development and 
implementation of advanced technologies that save energy and water; and analysis of incentives, 
disincentives, and lack of incentives to investing in cost-effective energy or water efficiency 
measures. 
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W ater and energy are critical resources that are reciprocally and mutually linked. 

Meeting energy needs depends upon the availability of water, often in large quantities, 
for mineral extraction and mining, fuel production, hydropower, and thermoelectric 
power plant cooling. 1 Likewise, energy is required for the pumping, conveyance, treatment and 
conditioning, and distribution of water and for collection, treatment, and discharge of wastewater. 
This interdependence, which is often described as the water-energy nexus, or energy-water nexus, 
is illustrated in the following graphic from a U.S. Department of Energy report. 

Figure I. Examples of Interrelationships Between Water and Energy 




Source: U.S. Department of Energy, Energy Demands on Water Resources, Report to Congress on the 
Interdependency of Energy and Water, December 2006, p. 13. 

This report first discusses water-related energy use broadly and then energy for facilities that treat 
and deliver water to end users and also dispose of and discharge wastewater. There is growing 
recognition that “saving energy saves water,” and the report describes options and impediments 
for energy efficiency by these facilities. It also identifies several areas of research and information 
needs concerning energy for water uses. 



1 CRS Report R43 1 99, Energy- Water Nexus: The Energy Sector ’s Water Use, discusses the related topic of water needs 
for the energy sector. 
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Energy for Water Use 

In the United States, more than 400 billion gallons of water is withdrawn daily from surface and 
ground water sources of freshwater and saline -water to supply domestic uses, agriculture 
including irrigation, industry, mining, and thermoelectric power. 2 Information about the energy — 
especially electricity — that is needed to pump, transport, deliver, and process that water is 
fragmentary and not well documented overall. In particular, as described further below, energy 
needs for self-supplied domestic, industrial, and energy water is largely unknown, but are likely 
to be large. Interest has been growing in better understanding of the energy-related needs of 
providing water to diverse sectors of the economy. 

In a 2002 report, the Electric Power Research Institute (EPRI) estimated that 4% of the nation’s 
electricity use goes towards moving and treating water and wastewater by public and private 
entities. 3 Today that estimate is considered a good starting place for understanding the magnitude 
of energy demands for providing these water services, but deficient in several respects. 

• It relied on secondary source data that were then well over a decade old. 

• It did not include future projections of electricity requirements for water supplies 
in the thermoelectric sector (because it assumed that energy for water use in this 
sector would decline). 

• It did not consider on-site heating, cooling, pumping and softening of water for 
end-use. 

• It did not consider that in the future a large proportion of new water demands will 
be met by sources with greater energy intensities, such as groundwater pumped 
from greater depths and seawater desalination. 

More recently, others have attempted to expand on the EPRI analysis, using additional and 
updated data from a variety of sources, to develop a baseline estimate of water-related energy use 
in the United States. These analyses suggest that energy for publicly supplied water and 
wastewater is a larger share of U.S. energy use than EPRI estimated. For example, a 2009 report 
by the River Network, a national advocacy group for freshwater conservation and watershed 
restoration, estimated that water-related energy use, including for heating in the residential and 
commercial sectors, was 52.1 billion killowatt hours (kWh), equivalent to 13% of U.S. electricity 
consumption in 2007. 4 National data can obscure differences in water-related energy use that are 
regional or state-specific, as reflected in a 2005 study by the California Energy Commission, 
which found that “water-related energy use [in California] consumes 19 percent of the state’s 
electricity, 30 percent of its natural gas, and 88 billion gallons of diesel fuel every year - and this 
demand is growing.” Pumps that move water from the San Joaquin Valley to southern California 
for domestic and irrigation water uses are the single largest power load in the state. 5 



2 Susan S. Hutson, Nancy L. Barber, and Joan F. Kenny, et al., Estimated Use of Water in the United States in 2000, 
U.S. Department of the Interior, U.S. Geological Survey, U.S. Geological Survey Circular 1268, 2004. 

3 Electric Power Research Institute, Water & Sustainability (Volume 4): U.S. Electricity Consumption for Water Supply 
& Treatment — the Next Half Century, 1006787, Topical Report, March 2002. 

4 Bevan Griffiths-Sattenspiel and Wendy Wilson, The Carbon Footprint of Water, River Network, May 2009. 
Hereinafter, The Carbon Footprint of Water. 

5 California Energy Commission, California ’s Water-Energy Relationship, Final Staff Report, CEC-700-2005-01 1-SF, 
November 2005, p. 1. Hereinafter, California’s Water-Energy Relationship. 
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Researchers at the University of Texas at Austin have attempted to quantify the energy embedded 
in the U.S. public water supply, which is the primary water source of residential, commercial, and 
municipal users. One such analysis concluded that energy use associated with the public water 
supply is 4.1% of the nation’s annual primary energy consumption and 6.1% of national 
electricity consumption, but this analysis excluded energy requirements associated with water for 
agriculture, industrial, and self-supplied sectors (e.g., agriculture, thermoelectric, and mining). In 
this analysis, electricity consumption by public drinking water and wastewater utilities for 
pumping, conveyance, treatment, distribution, and discharge was 56.6 billion kWh, or 11.5% of 
primary energy and 21.6% of electricity consumption for water end-use, respectively, in 2009. 6 

A second analysis by these researchers looked more broadly at energy needs for water supply, 
adding industrial and thermoelectric sectors to others considered previously. 7 Water-related 
energy use throughout the economy varies across sectors, and analysis of some sectors is complex 
and limited by incomplete data (e.g., cooking-related activities vary across residences and are not 
well documented). This analysis concluded that direct water-related energy consumption was 
12.6% of national primary energy consumption in 2010. This amount of energy, 12.3 quadrillion 
BTUs, is the equivalent of annual energy consumption of about 40 million Americans. It also 
estimated that energy losses at the point of electricity generation, transmission and distribution, 
and end-use represent 58% of the total primary energy that was consumed for water-related 
purposes, reflecting varying efficiencies of water heating and boiler technologies. The estimate of 
waste heat losses is subject to uncertainty, the researchers said. 

Because of inadequate data and other factors, missing from some analyses is water-related energy 
for several important end-use sectors. 

• Self-supplied water, which is a high percentage of power plant use and of some 
industrial uses such as mining. Some of this energy-for-water is in the form of 
electricity, but much of it is likely direct use of fuels on-site. Privately operated 
residential water supply wells also utilize energy for pumping, none of which is 
accounted for. 

• Agricultural use of water for livestock and irrigation — second in volume only to 
water use for thermoelectric power, according to the U.S. Geological Survey — is 
generally omitted from these analyses, although substantial energy, which 
generally is self-supplied, is needed for pumping. 

• The transportation sector, although the majority of energy consumed is for 
petroleum-based transportation fuels, which is presumably reflected in water-for- 
energy analyses. 

• The bottled water industry, which is a substantial drinking water source in the 
United States and consumes energy to collect, treat, bottle, and distribute its 
products. 



6 Kelly M. Twomey and Michael E. Webber, “Evaluating the Energy Intensity of the US Public Water Supply,” 
Proceedings of the ASME 2011 5 th International Conference on Energy Sustainability, ES201 1-54165 , August 2011. 
Hereinafter, Twomey and Webber 2011. 

7 Kelly T. Sanders and Michael E. Webber, “Evaluating the energy consumed for water use in the United States,” 
Environmental Research Letters, vol. 7, 034034 (2012). 
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